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Parameter differences of the charged and neutral rho-meson family
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New very precise KLOE data on e+e− → pi+pi− obtained by radiative return method in
Frascati are unified with corrected CMD-2 and SND Novosibirsk e+e− → pi+pi− data and
supplemented below and beyond by older data in order to be described by the unitary and
analytic pion electromagnetic form factor model, which provides the most precise neutral
ρ-meson family parameters.
Then the recently appeared accurate Belle (KEK) data of the weak pion form factor are
described by the same unitary and analytic model, as it follows from the CVC hypothesis,
providing the charged ρ-meson family parameters. As a result the most reliable parameter
differences of the ρ-meson family are determined.
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I. INTRODUCTION AND MOTIVATION
Isotopic spin is in a very good approximation
the conserved quantum number in strong inter-
actions. A breaking of the corresponding sym-
metry occurs as a consequence of the electromag-
netic (EM) interactions and the mass difference
of the up and down quarks. Practically, it is
demonstrated in nature by a splitting of hadrons
into isomultiplets.
In this contribution we are concerned with
ρ-meson resonances. The cleanest determina-
tion of their parameters comes from the e+e−
annihilation and τ -lepton decay. However, as
it is declared by the Review of Particle Physics
[1], experimental accuracy is not yet sufficient
for unambiguous conclusions. The difference
for ρ0 and ρ± are presented in averaged to be
mρ0 −mρ± = −0.7 ± 0.8 MeV and Γρ0 − Γρ± =
0.3 ± 1.3 MeV, respectively.
In our opinion the latter is changed in two as-
pects. On one hand, new very accurate KLOE
data [2] on the pion EM form factor (FF) at
the energy range 0.35 GeV2 ≤ t ≤ 0.95 GeV2
were obtained by the radiative return method
in Frascati. Also corrected CMD-2 [3] and SND
[4] Novosibirsk e+e− → pi+pi− data appeared re-
cently. On the other hand the weak pion FF
accurate data [5] from the measurement of the
τ− → pi−pi0ντ decay by Belle (KEK) experiment
were published. The unitary and analytic model
[6] of the pion EM FF, to be represented by one
analytic function for −∞ < t < +∞ was elabo-
2rated, which is always successfully applied for a
description of existing data on the pion EM FF
from e+e− → pi+pi− and due to the CVC hypoth-
esis [7] equally well also for a description of exist-
ing data on the weak pion FF from τ− → pi−pi0ντ
decay. As a result more sophisticated evaluation
of difference of ρ-meson family parameters can
be achieved.
II. UNITARY AND ANALYTIC PION FF
MODEL
There is no theory able to predict the pion
FF behavior up to now. Though on the role of
a dynamical theory of strong interactions QCD
is pretending, as a consequence of its asymptotic
freedom, it gives just the asymptotic behavior
Fpi(t)|t→−∞ ∼ −16pif
2
piαs(t)
t
, (1)
with the weak pion decay constant fpi = 92.4 ±
0.2 MeV and QCD running coupling constant
αs(t).
Therefore a phenomenological approach,
based on the synthesis of the experimental fact
of a creation of ρ-meson family in e+e− annihi-
lation into two pions, the asymptotic behavior
(1) and the analytic properties, is still the most
successful way of a reconstruction o the pion EM
FF behavior in the whole region of its definition.
This approach gives the expression (see [6])
Fpi[W (t)] =
(
1−W 2
1−W 2N
)2
(W −WZ)(WN −WP )
(WN −WZ)(W −WP )
×
{(WN −Wρ)(WN −W ∗ρ )
(W −Wρ)(W−W ∗ρ )
×(WN − 1/Wρ)(WN − 1/W
∗
ρ )
(W − 1/Wρ)(W − 1/W ∗ρ )
(fρpipi
fρ
)
+
∑
v=ρ′,ρ′′
[(WN −Wv)(WN −W ∗v )
(W −Wv)(W−W ∗v )
×(WN +Wv)(WN +W
∗
v )
(W +Wv)(W +W ∗v )
](fvpipi
fv
)}
(2)
with the conformal mapping
W (t) = i
√
qin + q −√qin − q√
qin + q +
√
qin − q ; (3)
q =
√
t− t0
4
; qin =
√
tin − t0
4
of four-sheeted Riemann surface into one W -
plane, WZ and WP the zero and the pole, by
means of which a contribution of the left-hend
cut on the II. Riemann sheet is simulated, fvpipi
and fv the vector-meson-pion and the universal
vector-meson coupling constants, respectively,
whereby
(fρ′pipi
f ′ρ
)
=
1
N
ρ′
|W
ρ′ |
4 − Nρ′′|W
ρ′′ |
4
×
{
1−
( Nρ′
|Wρ′ |4 −
[
1 + 2
WZWP
WZ −WP
×ReWρ(1− |Wρ|−2)
]
Nρ
)(fρpipi
fρ
)}
,
(fρ′′pipi
f ′′ρ
)
=
1
N
ρ′
|W
ρ′ |
4 − Nρ′′|W
ρ′′ |
4
×
{
− 1 +
( Nρ′′
|Wρ′′ |4
−
[
1 + 2
WZWP
WZ −WP
×ReWρ(1− |Wρ|−2)
]
Nρ
)(fρpipi
fρ
)}
3and
Nρ =(WN −Wρ)(WN −W ∗ρ )
× (WN − 1/Wρ)(WN − 1/W ∗ρ ),
Nv =(WN −Wv)(WN −W ∗v )
× (WN +Wv)(WN +W ∗v ); v = ρ′, ρ′′.
The model is defined on four-sheeted Rie-
mann surface with complex conjugate poles (cor-
responding to unstable ρ-resonances) on unphys-
ical sheets, and reflecting all known properties o
the pion EM FF. It depends on 10 physically in-
terpretable free parameters, tin,mρ, Γρ, fρpipi/fρ,
mρ′ , Γρ′ , mρ′′ , Γρ′′ , WZ and WP .
III. DESCRIPTION OF EM PION FF
DATA
The pion EM FF can be measured every-
where on the real axis of the t-plane and as
a result there is almost continuous interval o
381 experimental points for −9.77 GeV2 ≤ t ≤
13.48 GeV2, which all are described by the pion
EM FF model (2) in the space-like and the time-
like regions simultaneously. The most important
from them are accurate KLOE data [2] at the en-
ergy range 0.35 GeV2 ≤ t ≤ 0.95 GeV2 obtained
in Frascati by the radiative return method and
also the corrected Novosibirsk CMD-2 data [3]
at the range 0.36 GeV2 ≤ t ≤ 0.9409 GeV2 and
SND data [4] at the range 0.1521 GeV2 ≤ t ≤
0.9409 GeV2, which can influence the finite re-
lults substantially. They are supplemented at
the interval −9.77 GeV2 ≤ t ≤ 0.3364 GeV2 and
0.9557 GeV2 ≤ t ≤ 13.48 GeV2 by other existing
data.
An application of the pion EM FF unitary an
analytic model (2) to the best description of all
existing 381 experimental points was achieved
and the values of the parameters are presented
in Tab. I.
IV. DESCRIPTION OF WEAK PION FF
DATA
Hadronic decays of the τ -lepton provide a
clean environment for studying the dynamics of
hadronic states with various quantum numbers.
Among them is τ− → pi−pi0ντ , which is dom-
inated by the ρ−-meson family resonances and
thus it can be used to extract information on
the charged ρ-meson family properties.
From the conservation of vector current
(CVC) theorem, the pi−pi0 mass spectrum in the
τ− → pi−pi0ντ decay can be related to the to-
tal cross section of the e+e− → pi+pi− process,
which is directly related with the pion EM FF.
As a result the same unitary and analytic pion
EM FF model can be applied to a description
of the weak pion FF data, which can be drawn
from the measured normalized invariant mass-
spectrum.
Though there are measurements of τ− →
pi−pi0ντ decay to be carried out previously by
ALEPH [8] and CLEO [9], in this contribution
we are concentrated only on the high-statistics
measurement [5] of the weak pion FF from τ− →
4TABLE I: The values of the fitting parameters for the fit of pion FF. The values are shown for two cases,
the result of fitting e+e− data to the U&A model of pion EM FF (second column), the result of fitting τ−
data to the U&A model of weak pion FF (third column). The differences of the values for both cases are
presented in fourth column.
Parameter ρ0 ρ± ∆ (ρ± − ρ0)
tin (1.3646± 0.0198) GeV2 (1.2432± 0.0157) GeV2
WZ 0.1857± 0.0004 0.4078± 0.0013
WP 0.2335± 0.0005 0.6197± 0.0007
mρ (758.2260± 0.4620) MeV (761.6000± 0.9520) MeV (3.3740± 1.0582) MeV
mρ′ (1342.3060± 46.6200) MeV (1373.8340± 11.3680) MeV (31.5280± 47.9860) MeV
mρ′′ (1718.5000± 65.4360) MeV (1766.8000± 52.3600) MeV (48.3000± 83.8060) MeV
Γρ (144.5640± 0.7980) MeV (139.9020± 0.4620) MeV (−4.6620± 0.8502) MeV
Γρ′ (492.1700± 138.3760) MeV (340.8720± 23.8420) MeV (−151.2980± 140.4150) MeV
Γρ′′ (489.5800± 16.9540) MeV (414.7080± 119.4760) MeV (−74.8720± 120.6729) MeV
fρpipi/fρ 1.0009± 0.0001 0.9998± 0.0002
χ2/NDF 1.78 1.96
pi−pi0ντ decay with the Belle detector at the
KEK-B asymmetric-energy e+e− collider as they
are charged by the lowest total errors.
An application of the pion EM FF unitary
an analytic model (2) to the best description of
62 experimental points [5] on the weak pion FF
was achieved by the values of the parameters as
presented in Tab. I.
V. RESULTS AND CONCLUSIONS
There may be a question about the fact that
the obtained ρ-meson family parameters are dif-
fering from those presented at the Review of the
Particle Physics [1], especially of the ρ- and ρ’-
mesons. As it is well known, the resonance pa-
rameters depend on the parametrization used in
a fit of data. However, in this contribution it
plays no crucial role as finally we are interested
in a difference of the corresponding parameters.
Moreover, in a determination of the parameters
we exploit the unitary and analytic model of
the pion FF, in which any resonance is defined
as a pole on the unphysical sheets of the Rie-
mann surface to be considered as the most so-
phisticated approach in a description of resonant
states.
The difference of the ρ-meson family reso-
5nance parameters is presented in Tab. I. On
the base of these results one can declare that
the masses of the neutral ρ-meson family are
lower than the masses of the charged ρ-meson
family and the widths are just reversed. Consid-
ering the evaluated errors, one can confidently
affirm only in the case of the ρ(770)-meson pa-
rameters and also in the case of the ρ′(1450)-
meson widths, that for the charged and the neu-
tral states they are different. For other ρ-meson
family parameters one can say nothing definitely
and one has to wait for even more precise exper-
imental data.
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